Due to high surface to volume ratio and tunable band gap, 2 Dimensional (2D) layered materials such as MoS2, the most explored one, are good candidate for gas sensing applications, yet the sensing mechanism is ambiguous in these materials. This research mainly focuses on variation of 
energy gap can be strongly affected by dielectric property of the environment and can vary from 1.9eV to 2.8eV [31] . For example, it is observed that the TMD sandwich between the graphene or boron nitride changed the exciton binding energy and energy gap [32] . Moreover, large surface to volume ratio of few layers' system provides a high number of interaction sites to gas environment resulting in variation of electrical properties. MoS2 based field effect transistors have recently been investigated for NO2, NO, NH3 gas sensing [33] [34] [35] . Other investigations indicate that non-polar gases like chloroform and toluene by low dielectric coefficient cause lower current and polar gases like ethanol, methanol and acetonitrile by higher dielectric coefficient inductive charges on MoS2 and cause higher current [36] . Although there are various reports on gas sensing characteristics of MoS2, but the mechanism behind the interaction of gas molecules and MoS2 surface is ambiguous
This research is mainly focused on electronic DOS variations due to ethanol adsorption on MoS2 surface using STS method. Ethanol is a polar volatile gas and harmless for our measurement set up. By using STS method on any sheet among many of the spread few layered MoS2 on a substrate, local electronic characteristic such as DOS and band gap in non-vacuum condition can be measured.
Our results have shown that ethanol molecules increase the DOS in edges of valance and conduction bands. Additionally, the STS results have been described by DFT simulation using Siesta software.
Method
MoS2 nano-sheets were synthesized using liquid exfoliation under sonication probe vibration process. 100 mg MoS2 powder (from Sigma Aldrich average particle size ~6 μm) was dispersed in 20 mL N-Methyl-2-pyrrolidone (NMP) as liquid dispersant and was sonicated at 80% power cycle for one hour. The resulting suspension was centrifuged for 45min at 1500 rpm. After extraction the thinner and lighter sheets were dispersed in Isopropyl Alcohol (IPA) for sample analysis. Structural analysis was performed using Scanning Electron Microscopy (SEM), Atomic Force Microscopy (AFM), UV-Vis and Fourier transform infrared spectroscopy (FTIR) spectroscopes.
Scanning Tunneling Microscope (model NAMA SS2) was used to investigate DOS of the samples in presence and absence of ethanol gas. For STS measurement, a droplet of MoS2 in IPA was poured over the surface of a refreshed HOPG substrate under the testing gas environment.
In addition to experimental study, simulation was performed based on density functional theory on the system. The Local-density approximations (LDA) with Perdew-Zunger (PZ) parameterization have been used to investigate the interactions in both the pristine MoS2 and in presence of ethanol [37] . All calculations have been performed using Siesta Package [38] .
Result & Discussion
Microscopic observations indicate our preparation method resulted in nanosheets with size around 100 nm and thickness of few layers as is shown in Since the reason for such behavior has not been fully understood, Using the setup shown in Figure 1 (d) we investigate the interaction mechanism by measuring change of sheets DOS. As Figure 2 indicates, the sample shows almost 2.15 eV quasi-particle band gap which is in good agreement with previous reports [30] . After introducing ethanol to the chamber, the band gap slightly changes while we observed a notable change in the DOS around the edge of valence and conduction bands compared with pristine MoS2. So we expect such changes alter the physical 6 properties of MoS2 monolayer. In addition, there are clear small peaks inside the gap near the valence band both in absence and presence of the ethanol due to Sulphur vacancy. We observed that in the presence of ethanol, difference between Fermi level and the conduction band edge is slightly increased (about 0.06 eV). Therefore, we expect reduction in charge carriers i.e. decrease in electrical conductivity but the previous report indicated the sample conductance increased after gas exposure [36] .
To explore the reason behind the aforementioned results, DFT calculation was performed. The MoS2 monolayer shows completely uniform symmetric electron density at the edge of valence and conduction band in both points. In the presence of ethanol, the patterns are completely distorted. Proximity of ethanol molecules to the surface cause an electron density combination that leads to carrier transport being enhanced through sheets. This is the reason behind increment in conductivity due to ethanol exposure. Simulated current voltage characteristic of a resistance gas sensor based on a MoS2 sheet indicate current increases i.e. carrier hopping through orbitals in presence of ethanol.
Conclusion
In conclusion, we studied interaction of ethanol molecules on MoS2 nanosheets surface. The only point that remains is the mysterious small peaks near the edge of the valence band in Figure S4 shows the optimized structure and DOS. As can be seen, the s-vacancy is a desirable position for van der Waals adsorption of ethanol and no strong bond is created due to s-vacancy which agrees with our FTIR. The small alterations in the band gap still exist. The only visible change is the alteration of defect state to other energies.
The number of subbands due to s-vacancy and the ethanol inside the bandgap are changed. There are two visible subbands near conduction band and a subband near the valence one. These bonds are changed due to the famous tip effect and shift to lower energies. The two subbands near the conduction can easily be distinguished in Figure 3 near the valence band. These changes due to vacancy alter the transmission and combination of orbitals but the discussion on the main effect of (a) (b)
